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INVESTIGATION OF THE CALCIUM METABOLISM OF 
EXP ElミIME:t¥ITALJOINT TUBERCULOSIS WITH THE 
AID OF RADIOISOTOPE・ Ca4s. 
WITH 'SPECIAL REFERENCE TO BONE A TROPHY 
by 
Y ASUO Y OSHIMINE 
From the Orthopedic Division, Kyoto University Medical School 
(Director. Prof. Dr. Ersm KoNoo) 
Calcium metabolism in experimental joint tuberculosis was followed by using 
radioactive Ca45 as tracer，出peci~lly the metabolism of bone atrophy in the florid 
stage of this disease. も
O.l mg of tuberculous bacilli of Framkfurt stock and 0.lcc of tuberculin solution 
(lox) were injected into the right knee joints of sensitized and non-sensitized male 
guinea pigs (weighting 350gr ), which were divided into four groups as follows: 
1st group : tuberculous bacilli injected into the right 、kneejoint of infected 
guinea pigs. 
2nd group : tuberculous bacilli injected into the right knee joint of non-infected-
guinea pigs. 
3rd group : tuberculin solution injected into the right knee joint of infected 
guinea pigs. 
4th group : tuberculin solution injected into the right kriee joint of rion-infected 
guinea pigs. 
Control group : .with no treatment. 
On the 1st, 3rd, '5th, 7th, 10th, 14th; 17th, 24th, 31st, 45th days after the 
injection of bacilli or tuberculin, 20μc per cc of radioactive Ca45 was administer吋
at one time into the heart of the animals of al four groups and ten hours after the 
injection, th巴animalswere sacri五cedby bleeding, and bone and blood sampies were 
obtained for one each one. 
All samples were ashed by the wet method, and .e precipitate of calcium oxalate 
was obtained from the ash solution according to the method described by Armstrong 
and Barnum. 
Subsequent determinations of total and radioactive calcium were performad by-
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Ist Group. Table 1※第4表
I i~ ｜ト 下ーCale. Natural Per cent of cent of Spec… ~~~： w~！L1 Counts aunts p.m・｜Ii叩ct.dose ific Activi Infect. mg p.m. (I) % (2) % (3) (4) R/L 
11.lx25' 296 x25 1.865 0.679 24.14 
ll.05x25 31 30J.5x25 J.920 0.706 24.88 
0.972 
R 13.2×25噌 うー 326 x25 2.006 0.616 21.87 
3' IL 13.25x25 31 372.3X25 2.403 0.729 25.98 
0.836 
R 11.9 x25 275.8×25 1.720 0.577 20.50 
5 IL 10.5 ×25 31 252.4×25 1.550 0.585 20.79 
0.990 
R 12.5 x25 295.3x25 1.959 0.626 21.66 
10 IL 16.1 x 25 24.5 365.5×25 2.467 0.616 21.18 
1.022 
R 10.0 x25 329.5x25 2.206 0.879 30.37 
14 IL ll.95x25 24.5 359.1 x25 2.332 0.778 26.90 
1.126 
R 10.0 x2~ 位 362.2 x25 2.550 1.020 33.48 
17 IL 11.55 X2 27.5 377.5×25 2.665 0.923 30.28 
1.105 
R 12.6 x25 406.5x25 2.889 0.907 29.75 
24 IL 15.65x25 27.5 442.2x25 3.106 0.805 26.41 
J.125 
R 12.2 x25 333 ×25 2.552 0.836 25.40 
31 IL 13.8 x25 23 346 x25 2.653 0.769 23.40 
1.087 
R 12.3×25 308 ×25 2.436 0.792 23.30 
45 IL 13.5 x25 21.4 325.5×25 2.585 0.766 22.52 1.034 
J[nd Group. Table 2 ※第5表
Dぺ 1J~！i.l Calc. INatural aunts p 降i号罪判内片山VI十opf S.A. after Counts o  .m. y 
Infec. mg. p.m. (3) (4) R/L 
11.3 x25 310.5×25 1.950 0.690 24.64 
10.95 x25 32 334.7×25 2.120 0.774 27.65 
0.891 
R 12.5×25 330 x25 2.087 0.667 24.00 
10.6 x25 32 343 x25 2.178 0.821 29.34 
0.817 
R 10.2 x25 398.l×25 2.563 1.005 36.97 
5 IL 10.25 x25 32 389.8×25 2.506 0.984 36.70 
1.007 
R 10.1 x25 373.5x25 2.439 0.966 34.10 
7 Ir, 11.l x25 29 355 x25 2.308 0.831 29.72 
1.147 
R 10.2 x25 381 x25 2.493 0.977 34.50 
10 IL 10.9 x25 29 339 ×25 2.194 0.805 28.44 
1.213 
288.5×25 1.837 0.808 28.51 
17 1L 12.8 x25 29 350.5x25 2.312 0.722 25.50 1.118 
R 9.5' x25 288 ×25 1.834 0.771 27.26 
24 IL 13.9 x25 29 334.5x25 2.167 0.624 22.15 1.230 
R 11.7 x25 336.5x25 2.258 0.771 2fi.66 
31 IL 14.1 x25 24.5 396.5×25 2.691 0.763 26.38 1.010 
R 12.6 x25 327.8x25 2.194 0.696 24.07 
45 IL 13.6×25 24.5 429.3×25 2.929 0.861 29.76 0.808 
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Hird Group. Table S※第6表
~~~t.l IJ~~i.1叶at1吋 Spec… after oxal Counts ounts p.m. fnj~c~~0J0~ Specific Activ~ty 
Infect. mg. p.m (l) ＇；古 (2）ヲ (3) (4) R/L 
14.4×25 371.5×25 2.397 0.665 23.64 
1 
12.9 ~25 31 358.3×25 2.305 0.714 25.37 0.931 
11.8 x25 319.3×25 2.032 0.685 24.43 
5 12.0 x25 31 361 ×25 2.323 0.774 27.50 0.888 
]].6 X25 306 ×25 2.036 0.701 24.95 
10 12.5 x25 24.5 316.7x25 2.114 0.676 23.37 1.(167. 
10.8×25 341 x 25 2.290 0.848 29.60 
17 lJ.5 X25 24.5 354 ×25 2.384 0.829 28.65 1.036 
13.3 X25 340.5x25 2.385 0.717 23.58 
24 12.5 x25 27.5 344.8X25 2.417 0.773 25.37 0.927 
13.3 x 25 307.5x25 2.303 0.692 21.38 







• Fig. 1 第2図
!st Croup: I群（既感染＋結核菌）










0 J io 17 ,. JI 軒
争4 。）,5)「fca竹 院叙’f
‘吋叫
~~~｝／ •. s 一、ー ～ c.1 ｛ιj 
a‘ 














o J fu 17 JI JI ff 
I 削耐bイJA. （究j H 按併のは
It ~／ヘ切
O J /o 17 Jf JI f 
the method of Clark and Collip, and by counting with an end-window type Geigerιv 
Muller tube. 'i 
Also changes in the affected parts were examined autoradiographically by the 、
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Fig. 3 第4図
llrd Group: lI群（既感染＋ ツ液）
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Nth Group. Table 4※ 第7表
日記 下降時雨al Cal. Natural cent of Infect. mg. p.m. (2) (3) R/L (4) 
423 x25 2.742 1.142 41.61/251 21.393 
3 10.8 x25 32 490 ×25 3.278 };'212 43.44 0.960 
R 10.2 x25 420 x25 2.768 1.083 38.33 
10 IL 9.6 x25 29 426 ×25 2.811 1.171 41.37 0.922 
395 x25 2.592 1.006 35.19 
17 1L 10.0×25 29 420.5x25 2.772 1.108 39.15 0.908 
R 11.3×25 402.5×25 2.735 0.975 34.55 
24 IL 11.l x 25 24.5 423 x25 2.860 1.032 35.72 0.945 
R 12.3 x25 430.5x25 2.937 0.955 35.00 
31 Ir, }2.} X25 24.5 440.5×25 3.009 0.993 36.40 0.961 
※ Radiocalcium Ca40 contents in each knee joint of guiinea pigs 10 hrs. after intracardial 
injection of Ca•5 (20 μc per cc) (average of 3 samples) 
R: injected right knee joint 
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L: left knee joint (normal) 
(I): Rate (%) of Radiecalciurn Ca45 uptaken (tota•arnounts administrated: 100) 
(2): Specific Activity. Percent of inject疋ddose of Ca45 per lOOrng of calc. oxal. 
(3): Specific Activity, Counts per rninut巴permg of calc. oxal. 
(4): Ratio of Specific Activity of each joint (Right versus Left) 
author’s modified contact method, and by the stripping method of Belager, Boyd, 
as well as roentgenographically and histologically. 
Changes of Ca“uptake in each group ・are shown in Tables I, 2, 3, 4, and also 
as curves in Figs I, 2, 3, 4. Radioautographs and roentgenographs are shown in 
plates I, 2, 3, 4. 
The results obtained lead to the following. 
I) Inoculation of tuberculous bacilli into a knee joint of animals caused changes 
in calcium metabolism generally as well as locally 
2) Changes in local calcium metabolism near the inoculated joint were more 
intensive in general metabolism. So, local bone atrophy does not consist primarily 
in decalcification of the bone, but in active depositing and dissoluing of calcium 
salt in the parts affected, resulting from the negative exchange of salt mainly in 
the region around the epiphyseal line (see Plate I, 2). 
3) In the case of the inoculation of tuberculous bacilli into the joint, the process 
of calcium metabolism in the local bones showed marked di妊erencesbetween the 
groups of sensitized (1st group) and r町1-sensitized(2nd gtoup) animals. 
Recovery of normal metabolism in the former occured more quickly than in the 
latter. 
These differences also have an intimate relationship between the reparative courses 
of bone atrophy in both groups, when studied roentgenographically; that is, in the 
former case (1st group) the repair of the bone atrophy occured more promtly than 
in the latter (2nd group). 
4) If the animal had already developed tuberculous allergy (1st and 3rd group), 
the process of calcium mernbolおm in the cases inoculated by tuberculous bacili 
was similar to that in the cases receiving tuberculin solution : but if the animal 
was not in aq allergical condition, no change of calcium metabolism was obserbed、
following the intra-articular injection of tuberculin solution. 
From the facts above mentioned, it is considered that the radiological appearance 
of bone atrophy is related to whether the animal has developed tuberculous allergy 
or not; 
5) The fact, that increased calcium metabolism of local bone was observed even 
in the initial florid stage, which showed a hazy picture of bone atrophy, reveals 
that the bone atrophy itself is a reactive process protecting the animal from a 
general invasion from the local tuberculous process. 
From the experimental results above described, the author agrees with the 














1. Contact Method 







































































4）放射性同位元素 Ca•5 は， Oak Ridge Pileに 除去後，関節護を含めたま L右左膝関節停を採取し
て生産され，米国原子力委員会の好意に依り輸入を許 た．その重量を夫々秤量し，又同時に心臓穿剰jにより
可されたもので，次の如き組成を有する， 得た血液より血清を分離採取し，いづれも次の測定に
DESCRIPTION Ca40 (p-1) 
CHEMICAL FORM CaC12 in HCl Solution 
CONCENTRATION 0.344土10%me/ml 
SPECIFIC ACTIVITY 3.6 匂 me/gm
ANALYSIS 
HEAVY METALS les than 10 P. P. M. 
Ca 95.2 mg/ml 
RADIOCHEMICAL PURITY more than 98.0% 




























































に溶かし（2.0cc) ~1 。。規定過マンガン駿カ H 液にで
滴定し定最を行った．
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Plate, Type ET・2E15.u; i露出は3週間，Z見像は D19
にて4分30秒， 20。C；定着には中性ハイポを使用し
Tこ．
Jもゴt入減量ー湖r mi / /r- L 第4項 レ線学的検査方渋
（…一一一一一一九シ触を含むパラフィン塊 ω 注射前にレ線渇真撮影し
I ，ー一一一 一ー 仁／レ線フィルム た，両側膝関節を比較対照する為腹
t~竺で~：乞ー厚総約1.5mm. 背位照射とし，関節の屈曲位酬に




る場合， 時 所々要の解明度を得，その目的は主主せられ 第5項病理組織学的検査方法
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／／ 23 224.7 0.066 
／／ 23 129.5 0.035 
／／ 21.4 53.5 0.011 
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好 塩子事 球 0.5 
i棒 1J、 1.0 
巴 60.0 
球 大 2.0 
汗「 63.0 
形質細胞
68.51 69.0I 64.0 
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3 I 32 
5 I 32 
7 I 29 
10 I 29 
17 I 29 
24 I 29 
31 I 24.5 
























































































ると， その事長橋関節局所のみならず，健常側関節に於 第3節 Radioautog-raphによる観察成績
いて見られる如く全身的にも柏、圧J盛な石灰代謝の消長 第1項各群に快ける Contactmethodによる所見




















































Atrophy of Experimental Joint Tuberculosis, ACTA 
TUBERCULOSEA JAPONICA, by Y. YOSHI-
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Aub u. Albright (1932）はその鴨矢としてア Pザニ
第10表 体重及 ＇（＿）＇. 関節重 jf:lの i町長
!st Group I jfj: I nd group I f.(: 
~ays ト 円窓口f I [Wj~~Je of 誌；To…IWB夜二II可ムafter nimal No. In fret. rage rage 
抜群｜動物番号｜体重平均 ｜ ｜ 関平節翻均 接官後！動物番号｜体重平均｜ ｜ 関節制平均
I J.32 I ]. 2. JI 310 R J.20 1.26 L J.11 
3 I 45. 72. 73 J.23 3 3. 4. 12 330 R 1.13 
405 I ~ 1.24 L l.08 5 I 57.62. 68 I 1.43 5 5. 6. 16 333 R l.07 J.25 L J.05 
7 I 43. 63. / I ／／ョ 7 7. 17. 18 355 R l.12 L J.11 
10 I 70. 41. 60 仰 E 1.44 10 85. 86. 90 340 R l.09 1.33 L J.00 
14 I 47. 48. 67 I 445 IR 1.30 17 19. 38. 80 365 R J.17 L 1.13 L ].05 
l7 I 39. 56. 69 I 490 1R 1.35 24 9. 21. 84 425 R J.56 L 1.10 L J.22 
24 I 61. 79. 49 ! 495 IR 1.44 31 34. 40. 88 440 R J.65 L J.25 L J.29 
31 I 42. 74. 83 I 503 1R 1.50 45 89.109.119 480 R 1.61 L 1.31 L J.31 
































Armstrong and Barnum (1948), H.E. Harrison and 
H.C.Harrison (1950), Falkenhim, Underwood and 
Hodge (1951）等の多岐にわたる報告があり，更に病
的状態に於ける Ca代謝に関しては Migicouskyand 




autographyに関しては Belangerand Leblond 119 
46）の記載に始り， Boyd (1947), Williams (1948), 
Board i-1949）等の主として技術及び理論に関し，



































































(1931）がその臨床的研究に於νて本症骨萎縮の生物 別図 I: 
学的意義を論じて強調している所の「骨萎縮は局所結 Radioautographs (I) (Contact Methodによる）




















Radioautographs (]) (Contact Methodsfこよる）
L I群 同上参照






5）・ ・ー 同部の飛跡群 ×320 
6）・－I群24日目，槍状小骨梁，やL短縮す ×80 
7）…一同部の飛跡事干： ×320 
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この条件に応ずるものは PeptidaseGroupに属する． Streptokinase (S.K) Streptodornase (S.D) 
は創傷火傷潰場に用い嬢死組織や濃厚液状穆出液を除去液化するに用いられる．これはその中に含まれ
ている Plasminogenと言う Proenzymeを賦活してその作用を現すのである．
血管内で Fibrinの形成速度上昇及形成せられた Fibrinを除去する Piasminの消失は Thrombo-





に少量ではあるが発見せられた．この Fibrinolysinは estrogenic及 androgenicHormonに影響さ
れる．
血液内蛋白融解能力の臨床的意義....人間 Plasmaは外傷に因る Shock，出血，火傷等の場合に Fi-
brinogenに対し蛋白融解能力を現す．この Shockや血中酸素欠乏が如何なる原因に依りこの現象を来
すか未だ判明していない．外科手術に於て現れ色越経素融解は恐らく一過性の血中酸素欠乏に因るので、
あろう．命治療fニ酵素の評価は酵素学の基礎知識喪手立プ臨床効果を正確に判断する能力を必要とする．
（細野幸吾抄録）
